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Background

m Average age of US military aircraft is 20+ years and
Increasing [1]

m In 1990's USAF aircraft readiness decreased from
83% to 73% [1]

m Aging legacy avionics are a major contributor

* |ow reliability, high maintenance costs
* Diminishing manufacturing sources (DMS)

[1] Committee on Aging Avionics in Military Aircraft, 2001, Aging Avionics in
Military Aircraft, Washington D.C., National Academy Press
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“Legacy” Definition
m Dictionary -- “Something handed down from an

ancestor or a predecessor or from the past”

m Avionics -- existing line replaceable unit (LRU) or
shop replaceable unit (SRU) that must be replaced
without impacting the other LRUSs or SRUs or other
interfaces ‘around It’

* To expensive to do a full avionics (entire aircraft) system
re-design

* Typically an avionics legacy component replacement is a
form, fit, function, interface (F31) compatible replacement
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Problems Encountered in Re-engineering

m Legacy component is not well documented
m EXxisting documentation Is inaccurate
m ODbsolete functionality within the legacy component

m No documented test procedure or test capability for
legacy component

m \Very low gquantities of replacement components are
required
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Re-Engineering Process
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Identify Problem Components

m Low reliability, high maintenance cost items

m Air Force databases
* Reliability and Maintainability Information System (REMIS)
* Core Automated Maintenance System (CAMS)
* Standard Base Supply System data

m Air Force Total Ownership Cost (AFTOC) [3]

[3] Hitt, Ellis and Jerry Schmidt, 1999, Air Force Total Ownership Costs (AFTOC) and
Reduction in Total Ownership Costs (R-TOC), 18™ Digital Avionics Systems Conference
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Reverse Engineer Legacy Components

m Need to develop a validated model of the legacy

component

Collect Existing

\ 2

Formulate
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Component

Data for
Component

* Tech orders
* Old development specs
* “Probe” legacy unit

* VHDL model
* Functional specification
» Other engineering model

—
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+ Lab Integration Test Environment (LITE)
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« LITE validation through
“Golden Unit” Testing

Validate
Component
Model

« Compare golden unit test
vector output to component
model output

* [terate to convergence



Develop & Validate Replacement Component

Design
Replacement
Component

4‘,

« Standard engineering

design practices
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 Use validated LITE

* Avionics Integration Support Facility



Implement R&M Fix to Operational Units

Produce
Replacement Field the
Component a Solution
Kits
 Manufacturing « Technical Order updates
* Installation
* Training
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Re-engineering Example
A-10 Digital Stores Management System
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A-10 Armament Control System (ACS)
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Armament Interstation
Control Control Unit
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A-10 ACS Electrical Architecture
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Engineering Model Development
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VHDL code

COUNTE <= COUNT_HOWLG;
--Uls as a process
MED_THP (3 <= MSDE;

PROCESS (M_COUNMT_CLOCK, M_TNTERWAOL_| 080, roo_out)
EEGIN

IF  (N_INTERWSEL_l08D ="0") THEMN
COUNT_NOW1E <= MSO_TMP;

ELSIF  H_COUNT_CLOCK "EVENT AND H_COUNT_CLOCK

IF rco_out = EN
COUMT_Nowld <= Count_hnowld - ‘1% ;3
END IF;

END PROCESS;

-- IF count_nowld = "OOo0" THEM
-- e MUm_SD <="1"3
-- ELSE

ot MEC mUm_MED <="0"3
-- END IF;

MECC MUM_MSD <= NOT count_nowls (00 SND NOT count_nowls (1) AND HOT count_nowls (23 SND NOT count_nowls (303

COUNTE <= COUNT_NOWLE;
C1S <= MEsamum_MSD 3

Foo<= Foo_out;

N_Tnterwval _Fero <= NOT [ mecomum_LS50 AND mec<dmum_MsD 25 ---after 1.5l microseconds

H_Thtw] _Zero Pl & <= N_Interwal _ZFeroj

H_STORE_JETT_SEL <= WOT Str_lett_sel_F2 &;
PR4 <= (N_STORE_JETT_SEL AND FILTER_OUT 33
UzE_1 <=
HOT H_Losn
aR
H_STORE_JETT_SEL
AND
HOT H_TNTERWSL _ZERO
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Virtual Test Environment

= al_parth_awf = B ES

File Edit Seaich Yiew Dezign Simulation ‘waweform Tool: Help
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o MSL_Jett_Sel P2 12 D <=0 =1
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o N_Step Sel pz. 43 a P Step Release Chosen
o Priority_Pai_Fdy P2_41 0 <=0 SipglejiRelescelchosen
o= Rack_Jett_Sel P2 35 a <=0
B Rip_Sal P2_10 1 <=1 Single Release Chosen
o= Str_Jett_Se| P2 8 u} <=0
o= Sti_releaze P23 1 Farmula [ (1) A Store Release is selected and trigered
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© M_Intvl Zera P1_3 1 | | | (51 Interval Countsl are zdra | | | | | | l | l l | l | | l

o MN_Load P2 3 1 [ (21 after 20 meecs, a load signal is triggered
© MN_wpns_REL_OUT 1 | 1 [ | | | [ 1 [ |63 veapohs Relgasze i togg) [ [ | [ | [ | [
- M_Release Cmd_P2_5 1 L0
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“Real” Test Environment

A-10 Lab Integration Test Environment

A-10 ICU

A-10 ACP

Automated Test Vector

A-10 Stores Physical/
Ba"elle Electrical Simulation Computer Controlled

Simulation
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A-10 Digital Stores Management System (DSMS)
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